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Abstract 
Wetland ecosystem occupies an important position in the global carbon cycle with a strong ability of carbon storage 
and fixation. On the basis of field investigation and laboratory measurement, in the paper, the standing biomass and 
primary production of wetland Phragmites australis in Baiyangdian were study, and its ability of carbon storage and 
fixation in accordance with the principle of photosynthesis was measured, and then the potential ability of carbon 
storage from the perspective of efficiency for solar energy utilization was discussed. The results show that carbon 
storage of wetland Phragmites australis is large in Baiyangdian with 5.81 kg • m-2, 7.14 kg • m-2 and 8.72kg • m-2 
respectively; carbon fixation is also very large with 2.54 kg • m-2, 3.12 kg • m-2 and 3.81kg • m-2 respectively. In 
addition, the underground biomass is larger than the aboveground biomass, and the ratio of the two is 2.38-3.30 with 
the average of 2.90. The underground carbon storage is nearly 3 times as much as the aboveground carbon storage. 
Wetland Phragmites australis in Baiyangdian has a strong ability of carbon fixation with 1.17 kg • m-2 • a-1, 1.49 kg • 
m-2 • a-1 and 1.76kg • m-2 • a-1 respectively, which is 1.7-3.4 times as much as the average ability of carbon fixation of 
the national terrestrial plants and 2.0- 4.0 times of that of the global plants. 
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1. Introduction 
Since the industrial revolution, the concentration of greenhouse gases, such as, CO2, CH4 and NO2, in 
global atmosphere has increased significantly, in which the concentration of CO2 has increased to 379 mL 
• m-3 in 2005 from approximately 280 mL • m-3 before industrialization, and the global climate change 
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caused by greenhouse effect has attracted widespread concern around the world [1]. In 1997, the Kyoto 
Protocol provided in the form of law that industrialized countries reduce emission limit of greenhouse 
gases in stages for the first time. Since the 1970s, although studies on greenhouse gases have been given 
more and more attention by governments and the academic circles around the world [2-3], they were 
concentrated in the forest, grassland and agricultural ecosystems in the past [4 - 7]. Wetland, as a unique 
habitat formed from the interaction between land and water on the earth, together with forests and oceans, 
is listed as the world’s three ecosystems. It accounts for about 6.4% of the earth’s surface area, provides a 
living environment for 20% of the known species on the earth, and has irreplaceable ecological function, 
so it enjoys the reputation of “kidney of the earth” [8]. In general, wetland has a relatively high primary 
productivity, in which plants can absorb CO2 in the atmosphere through photosynthesis to play the 
important ecosystem service function of storing and fixing carbon, so that it plays an important role in the 
global carbon cycle [9]. In recent years, there spread gradually the studies of relevant aspects of the 
wetland, some of which were in depth. Only 15% of the net carbon assimilated by wetland plants net is 
released into the atmosphere, indicating that the wetland ecosystem can function as a carbon sink which 
prevents the concentration of atmospheric CO2 to increase [10]; the average ability of carbon fixation of 
the wetland plants is 0.05-1.35 kg • m-2 • a-1 [11]; that of the northern peat wetland plants is 0.31 kg • m-2 • 
a-1 [12]; that of temperate herbaceous wetland biomass is relatively high, that of China Sanjiang Plain 
wetland is 0.80-1.20 kg • m-2 • a-1 [13], and that of the Yangtze River estuary wetland plants is 1.11-2.41 
kg • m-2 • a-1 [14]. But studies on the ability of carbon storage and fixation of the wetland plants in north 
China have not been reported, so this study, taking wetland Phragmites australis in Baiyangdian as an 
example, studies the ability of carbon storage and fixation of the typical wetland plants in north China, 
and discusses the potential ability of carbon fixation from the perspective of efficiency for solar energy 
utilization, providing a basis for studies on carbon cycle in the region. 
2. Materials and methods 
2.1. General situation of the region studied 
Baiyangdian wetland (38 ° 43′ - 39 ° 02′N, 115 ° 38′ - 116 ° 07′E), located in the canter of North China 
Plain, is the largest freshwater lake in North China, playing an important role of protecting the 
environment of the whole basin and Beijing, Tianjin and other major cities. This area belongs to the new 
generation of Jizhong depression in geological structure, and is located in the fan depression formed in the 
two alluvial fans of the Yongding River and Hutuo River in land features. The terrain is relatively flat, of 
5-10 m in elevation, titling from west to east, and sloping about 1 / 6000. Due to erosion and deposition of 
sediments in the river and human impacts, Baiyangdian river basin has a very complex micro-topography 
structure, and the area is divided into 143 shallow lakes of different sizes and shapes by 39 villages and 
700 trenches. Rivers like Zhulong River, Xiaoyi River, Tang River, Fu River, Cao River, Pu River, Ping 
River and Baigou Irrigation River injects into its upper reaches, the water goes to the east through the 
eastern Zhaobei mouth to connect with the Hai River, and the amount of the average annual surface runoff 
is 4.515 billion m3. The area has a temperate continental monsoon climate, with cold and dry winters and 
hot and rainy summers. Mean temperature of some years is 7.3-12.7 ℃ with the highest temperature of 
43.5 ℃, and the average annual accumulated temperature is 2,992-4,409 ℃. The average annual amount 
of precipitation of the whole basin is 563.7 mm [15] with an uneven distribution. The amount of 
precipitation from July to September accounts for 80% of the annual precipitation. The average annual 
surface evaporation is 1,761.7 mm, the amount of evaporation and seepage is near 3 × 108 m3. The 
landscape in Baiyangdian is dominated by water, the bottom is high in the west and low in the east, and it 
is of 5.5-6.5 m in elevation (Dagu elevation). The most proper water level is 7-9 m. Since the 1960s, over 
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150 reservoirs have been built in the upper reaches of Baiyangdian with a total capacity of 3.636 billion 
m3 [16]; flood control dams have been constructed around Baiyangdian with the highest water level of 
12.8 m. The water level of Baiyangdian was highest in the 1950s, and that in 1980s and early 2000s was 
significantly lower than that of other years; the water level of each year changed obviously, with the 
lowest water level generally lowest in June and the highest in September. In accordance with the records 
of the Water Conservancy Bureau of Anxin County, seven times of dry lake of Baiyangdian was recorded 
from 1920 to 2003, in which dry lake of Baiyangdian happened most and of the longest time period in the 
1980s, and a 5-year continuous dry lake appeared from 1984 to 1988. In recent years, due to limited 
precipitation and little injection into the upper reaches, the lake area of Baiyangdian began to shrink 
gradually [17]. 
The lake area, dominated by the marsh with nutrient-rich soil and many species, is an ideal place for 
producing Phragmites australis. Phragmites australis is widely distributed in Baiyangdian. It is the most 
typical aquatic vegetation that occupies the largest area in Baiyangdian, playing a significant role in the 
functions of the wetland. However, since the 1970s, because of the periods of droughts, combined with 
increasing industrial and agricultural needs of water in the upper reaches, the area of wetland continued to 
shrink and that of Phragmites australis fluctuated correspondingly, the quality of Phragmites australis 
deteriorated, and its production also dropped from 80,000 t in the 1960s to 15,000t in 1996 [17]. These 
affected not only the income of local farmers, but also affect the conservation of the wetland biodiversity 
and the performance of the ecosystem service functions. 
2.2. Research methods 
Sampling was conducted in September, 2010, when the Phragmites australis stopped growing, and the 
biomass is at the maximum value. The sampling site is Dujiangdian typical Phragmites australis bed in the 
Baiyangdian demonstration area. 
2.2.1 Determination of biomass and net primary productivity 
The demonstration area is divided into three grades according to the number of plants and evenness of 
plant height per unit area, and the corresponding grades are added to the vectorization map of 
demonstration area, so as to obtain the grade map of Phragmites australis of demonstration area, and then 
the plot (1m×1m) of Phragmites australis is randomly sampled in every grade. Cut the Phragmites 
australis flushed with the ground, mark and take it back to the laboratory for drying and weighing. Each 
Phragmites australis is dried to a constant weight in 80℃ for at least 48h, and the obtained dry weight is 
the biomass (standing crop) of plot. The standing amount of aboveground part is the net primary 
productivity of aboveground part. After the aboveground part is cut flushed with the ground, the soil 
sample (25cm×25cm×60cm) is dug out from the plot with a spade and put into the screen, to be screened, 
washed, and dried to a constant weight, and then the biomass of underground part is obtained after 
weighing. The productivity of underground part is estimated with 80% of standing amount. 
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Fig.1 Phragmites Australis Classification in Baiyangdian Demonstration Area 
2.2.2 Calculation of efficiency for solar utilization 
The calculation formula of the ratio of energy content to amount of solar radiation of primary 
productivity per unit area is: 
 
In the formula: P is efficiency for solar utilization; M is primary productivity per unit area (the sum of 
aboveground part and underground part); q is energy content of per unit weight of plant dry matter, and 
the value of general carbohydrate is 17.38 kJ•g-1;  is total amount of solar radiation, and the value 
of Baiyangdian wetland is 5.36×106kJ•m-2. 
2.2.3 Conversion of carbon 
Based on the organic production of Phragmites australis in Baiyangdian wetland, it can be calculated 
that forming 1g dry matter needs 1.62g CO2 according to the photosynthesis reaction equation, and then 
the number of fixed carbon can be calculated. 
(1) 
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3. Results and analysis 
3.1. Ability of carbon storage of Phragmites australis in Baiyangdian wetland 
According to the data in Table 1, it can be seen that the biomass of Phragmites australis in this area are 
high, namely 5.81 kg•m-2, 7.14 kg•m-2 and 8.72 kg•m-2 respectively; carbon storage are large, namely 2.54 
kg•m-2, 3.12 kg•m-2 and 3.81 kg•m-2 respectively. The underground rhizome of Phragmites australis is 
perennial. It extends in soil, the sampling area isn’t dug by large scale artificially, so the underground 
biomass is more than the aboveground, the ratio of underground biomass to aboveground biomass is 2.38-
3.30, with an average of 2.90, that is, the underground carbon storage is nearly three times of aboveground 
carbon storage. 
Table 1 Biomass and carbon storage of Phragmites australis in Baiyangdian (kg·m-2) 
3.2. Ability of carbon fixation of Phragmites australis in Baiyangdian 
The Phragmites australis in this area has high primary productivity (Table 2), including the 
aboveground part and underground part. The aboveground part can be divided into such components as 
stem, leaf and leaf sheath, whose total biomass are 1.49 kg•m-2•a-1, 1.83 kg•m-2•a-1 and 2.24 kg•m-2•a-1 
respectively, and the ability of carbon fixation are up to 0.65 kg•m-2•a-1, 0.80 kg•m-2•a-1 and 0.98 kg•m-2•a-
1; the underground rhizome is perennial, and the annual net primary productivity is estimated with 80% of 
standing amount of aboveground part, that is, the carbon fixation of underground part are 0.52 kg•m-2•a-1, 
0.66 kg•m-2•a-1 and 0.78 kg•m-2•a-1. In conclusion, the Phragmites australis in Baiyangdian wetland has 
strong ability of carbon fixation, up to 1.17 kg•m-2•a-1, 1.46 kg•m-2•a-1 and 1.76 kg•m-2•a-1. Three grades 
of Phragmites australis growth area are 38.9ha, 36.6ha and 6.2ha    respectively, so it can be estimated that 
the annual amount of carbon fixation of Phragmites australis in this area can reach 1.25×104t, with 
remarkable ecological service function. 
Table 2 Carbon Fixation of Phragmites australis in Baiyangdian (kg·m-2) 
4. Discussions 
The Phragmites australis in Baiyangdian wetland typically grow in raised field above the water, so the 
advantage groups can’t be formed in the water. The raised filed has a high elevation with fine sediment 
 Biomass Carbon Storage 
Grade 1 Grade 2 Grade 3 Grade 1 Grade 2 Grade 3 
Aboveground 1.49 1.83 2.24 0.65 0.80 0.98 
Underground 4.32 5.31 6.48 1.89 2.32 2.83 
Total 5.81 7.14 8.72 2.54 3.12 3.81 
 NPP Carbon Fixation 
Grade 1 Grade 2 Grade 3 Grade 1 Grade 2 Grade 3 
Aboveground 1.49 1.83 2.24 0.65 0.80 0.98 
Underground 1.19 1.46 1.79 0.52 0.66 0.78 
Total 2.58 3.29 4.03 1.17 1.46 1.76 
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granularity, in which the content of nitrogen, phosphorus and organic matter is high with fertile soil. So it 
is conducive to the growth and development of Phragmites australis, laying a solid foundation for high 
ability of carbon storage and fixation. In addition, analyzing from the physiological characteristics of 
Phragmites australis itself, the carbon content around Phragmites australis leaves growing in raised field is 
far higher than the carbon content in water environment. The Phragmites australis has aerial leaves similar 
with terrestrial plants which can directly use the CO2 in the air for photosynthesis, so that the carbon 
content of the environment is no longer a limiting factor for the photosynthetic efficiency; the developed 
rhizome and crowded blade of Phragmites australis and the high-strength transpiration can slow down the 
respiration and decrease the temperature of blade to store more products of net photosynthesis. Therefore, 
the Phragmites australis in Baiyangdian wetland has higher ability of carbon storage and fixation. 
Wetland plants generally have a high ratio of underground biomass to aboveground biomass, and this 
is especially true when the rhizome of perennial plant is kept underground. Mei Xueying et al have 
researched and found that the ratio of underground biomass to aboveground biomass of Phragmites 
australis wetland in the Yangtze Estuary is 2.96; and some studies suggest that, the Phragmites australis 
not only has higher ratio of underground biomass to aboveground biomass, but also changes a lot in 
different sites. This study shows that the ratio of underground biomass to aboveground biomass of 
Phragmites australis in Baiyangdian wetland is 2.38-3.30, with an average of 2.90, and the underground 
carbon storage is nearly three times of the aboveground carbon storage. Therefore, the underground 
rhizome is the main place of carbon storage of Phragmites australis in Baiyangdian wetland. 
5. Conclusion 
The biomass of Phragmites australis in Baiyangdian wetland are high, namely 5.81 kg•m-2, 7.14 kg•m-2 
and 8.72kg•m-2 respectively; carbon storage is large, namely 2.54 kg•m-2, 3.12 kg•m-2 and 3.81 kg•m-2. In 
addition, the underground biomass is larger than the aboveground biomass, the ratio of the two is 2.38-
3.30, with an average of 2.90, and the underground carbon storage is nearly three times of the 
aboveground carbon storage. The Phragmites australis in Baiyangdian wetland has strong ability of carbon 
fixation, namely 1.17 kg•m-2•a-1, 1.49 kg•m-2•a-1 and 1.76 kg•m-2•a-1, which is 1.7-3.4 times as much as 
the average ability of carbon fixation of national terrestrial plants, and 2.0-4.0 times as much as the 
average ability of carbon fixation of global plants. Compared with different ecological systems in China, 
the ability of carbon fixation of Phragmites australis in Baiyangdian wetland is stronger than such 
ecological systems as cities, rivers, lakes and so on, and equal to the forest ecosystem with same 
vegetation coverage. 
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